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(54) POWER-FACTOR IMPROVING SMOOTHING CIRCUIT 

(57)Abstract: 

PURPOSE: To obtain a smoothing function without using a 
large-scale capacitor or choke coil and without worsening a 
power factor by a method wherein a chopper means is 
installed on the output side of a rectifier and the means is 
controlled intermittently on the basis of the DC component 
of a load voltage and of a load current. 
CONSTITUTION: A DC current which is output by a 
rectification means is controlled intermittently by a chopper 
means 3 at a chopper frequency of several tens of kHz, the 
chopper frequency is stopped by a chopper-frequency stop 
means 1, and the DC current which has been smoothed is 
supplied to a load. Only a DC component in the output 
voltage of a load-voltage detection means 2 is applied to a 
first voltage-comparison circuit 6 via a DC-component 
passage means 2. When the output voltage exceeds a 
reference voltage VR a definite voltage is applied to a second 
voltage-comparison circuit 7. In the second voltage- 
comparison circuit 7, the input voltage is compared with the 
output voltage of a laod-current detection means 4, a voltage 
VS as a compared result is sent to a chopper control means 9, and the chopper control means 9 
generates a control pulse on the basis of the voltage VS and of the output waveform VT of a 
triangular-wave generation means 8. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the smoothing circuit for improving a power- 
factor. When rectifying AC power supply and supplying a load as direct current voltage, in order 
to absorb a ripple (pulsating flow), the capacitor or the capacitor, and the choke coil were 
connected in many cases, and this was the cause of power- factor aggravation of a circuit in many 
cases. 
[0002] 

[Description of the Prior Art] Generally, if the power- factor of a power circuit or a load is small, 
it is not only disadvantageous in economical and tooth space, but although equivalent power is 
supplied, compared with the case where a power-factor is equal to about 1, a bigger electric wire 
than that of current capacity, the higher equipment of an allowable voltage, etc. will be needed, 
and it will have a bad influence on circuit actuation in many cases. 

[0003] For this reason, although the efforts which are going to raise a power-factor as much as 
possible have been paid conventionally, it is moving towards EEC (International Electrotechnical 
Commission= Electrotechnical International Commission) hardening control criteria around 
1995 also internationally. 

[0004] This invention is made in accordance with the trend of the above worlds. Since it was 
rectified and AC power supply was supplied to the load as direct current voltage in many cases, 
in order to absorb the ripple introduced with rectification, the capacitor was connected to a load 
and juxtaposition as usual, and this makes the whole circuit capacitive and was worsening the 
power-factor in many cases. 

[0005] Drawing 6 shows the very simple circuitry which rectifies a three-phase-circuit 
alternating current and acquires the direct-current load current as an example of the conventional 
power circuit. Moreover, drawing 7 shows the wave of said three-phase-circuit AC-power- 
supply electrical potential difference which consists of an alternating current of three phases a, b, 
and c. 

[0006] A rectifier and Load of three-phase-circuit AC power supply and Rect are loads, and the 
inside of drawing 6 and 3phiAC are the capacitors for ripple absorption of the above [ C ]. In the 
case of three-phase-circuit alternating current full wave rectification, the necessary number of the 
rectifying device which constitutes Rectifier Rect becomes six pieces. Moreover, if the frequency 
of an alternating current is set to 50Hz, the capacity of the capacitor C required in order to set to 
50Hzx6=300Hz the frequency of the ripple introduced by rectification and to absorb the low- 
frequency component of such a 50-300Hz band is 200-500 micro F. It is fairly as large as extent. 
[0007] Drawing 8 is about 440 micro F as an example. Load electrical potential difference VL 
after rectification which paid its attention only to the component of a phase b for the facilities of 
an understanding at the time of using C And rectifier inrush current IO A wave is shown. It is 
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almost the same as drawing 8 also about the component of other phases b and c. 
[0008] It is 10 like illustration. Only the time amount width of face of the smooth part which 
adjoins the wave crest of the component of a phase b flows, and according to the experiment, a 
bad power-factor called effective power abbreviation 20.5W, 0.75 [ i.e., ], is measured to about 
27.2 apparent power VAs. 

[0009] Now, as quickest conventional technique for improving the power- factor of such a low 
value, there was the approach of connecting a choke coil to a load and a serial. Moreover, when 
adopting the means called a "pressure-up mold" among these contractors, it was also known that 
it can improve comparatively easily. A pressure-up mold points out the method which makes 
further direct current voltage obtained by rectifying a three-phase-circuit alternating current the 
dc output of the high voltage with a DC-DC converter here. 
[0010] 

[Problem(s) to be Solved by the Invention] However, by the approach of connecting an above- 
mentioned choke coil, since the frequency of the ripple which should be absorbed is in the low 
frequency band of 50-300Hz band, a large inductance is required also of this, therefore, also 
economically, there is a very [ in tooth space ] disadvantageous difficulty. 
[001 1] Moreover, there was a difficulty which an excessive DC-DC converter is not only 
required in a circuit with a pressure-up mold, but are varieties called 200-41 5 V which are used in 
every corner of the earth, and needs the excessive effort and the cost for redesigning the whole in 
order to use it on a high commercial alternating current electrical potential difference. 
[0012] therefore, the above difficulties according [ the purpose of this invention ] to the 
conventional technique - removing ~ a mass capacitor - and ~ or even if it does not use the 
choke coil of a large inductance, it is in the point of offering the smoothing circuit which can 
improve a power- factor sharply. 
[0013] 

[Means for Solving the Problem] Drawing 1 is the principle block diagram of this invention. For 
one, as for a load electrical-potential-difference detection means and 3, a chopper frequency 
inhibition means and 2 are [ a chopper means and 4 ] load current detection means among this 
drawing. 

[0014] And for 5, as for the 1st electrical-potential-difference comparison means and 7, a dc- 
component passage means and 6 are [ the 2nd electrical-potential-difference comparison means 
and 8 ] triangular wave generating means, and 9 is a chopper control means. Now, in order to 
attain the purpose as stated above, this invention is considered as the following configuration, as 
shown in drawing 1 . 

[0015] Namely, the CHOBBA frequency inhibition means 1 and the load electrical-potential- 
difference detection means 2 which were connected to juxtaposition to the load with which the 
direct current voltage obtained by rectifying AC power supply is supplied, The chopper means 3 
and the load current detection means 4 which were connected to the opposite side [ of a load ], 
and load side to said direct-current load at the serial about said CHOBBA frequency inhibition 
means 1, A dc-component passage means 5 to pass only the ****** dc component of the output 
voltage of said load electrical-potential-difference detection means 2, It is the predetermined 
reference voltage VR about the output voltage of said dc-component passage means 5. A 1st 
electrical-potential-difference comparison means 6 to compare, A 2nd electrical-potential- 
difference comparison means 7 to compare the output voltage of said 1st electrical-potential- 
difference comparison means 6 with the output voltage of said load current detection means 4, It 
constitutes from a chopper control means 9 which compares the triangular wave generating 
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means 8 with the output voltage of said 2nd electrical-potential-difference comparison means 7 
and the output voltage of said triangular wave generating means 8, and controls resistance- 
welding-time width of face of said chopper means 3. 
[0016] 

[Function] Drawing 2 is the output wave VT of the triangular wave generating means 8 which is 
the input of the chopper control means 9. Output voltage VS of the 2nd electrical-potential- 
difference comparison means 7 The output wave P of relation and the chopper control means 9 
by this, i.e., the control wave of the chopper means 3, is shown. 

[0017] Hereafter, an operation is explained, referring to drawing 1 and both drawings of 2. The 
direct current of the output of a rectification means is dozens of kHz with the chopper means 3. It 
is intermittent on a chopper frequency, and is added to the chopper frequency inhibition means 1, 
and the direct current by which the aforementioned chopper frequency component was prevented 
and graduated here is supplied to a load. A load electrical potential difference and the load 
current are detected by the load electrical-potential-difference detection means 2 and the load 
current detection means 4, respectively. 

[0018] It is added to the dc-component passage means 5, and the output voltage of the load 
electrical-potential-difference detection means 2 is dozens of kHz here. A chopper frequency 
component and the commercial frequency component of 50-300Hz band of a ripple are 
prevented, only the dc component changed gently passes, and it is added to the 1st electrical- 
potential-difference comparison means 6. 

[0019] the conventional capacitor directly inserted in a principal voltage supply way although the 
smoothing function of the commercial frequency ripple by this invention is obtained mainly by 
this dc-component passage means 5 — and — or since it is obtained [ a choke coil method ] in the 
form of the phase compensation of the control signal transfer circuit of a high input impedance, 
an economical or tooth-space-problem is cleared. 

[0020] Moreover, with the 1st electrical-potential-difference comparison means 6, the output 
voltage of the dc-component passage means 5 is the predetermined reference voltage VR. It is 
compared and is VR. When it exceeds, a fixed electrical potential difference is outputted, and it 
is added to the 1st input of the 2nd electrical-potential-difference comparator circuit 7. Here, it is 
reference voltage VR. It is VR, even when it considers as adjustable and an input commercial 
electrical potential difference becomes higher as for a bucket. It can respond easily by going up. 
[0021] The 2nd electrical-potential-difference comparator circuit 7 compares the 1st input 
voltage with the output voltage of the load current detection means 4 added to the 2nd input, and 
is the electrical potential difference VS of a comparison result. It adds to the 1st input of the 
chopper control means 9. In the 2nd input of the chopper control means 9, it is the output wave 
VT of the triangular wave generating means 8. It is added. 

[0022] if the chopper control means 9 is seen from a functional side - electrical-potential- 
difference discrimination equipment — it is - said VS time it is small - (when it is VS-H in 
drawing 2 ) output-control pulse width P - large (PH in drawing 2 ) - said VS if it becomes 
large (when it is VS-L in drawing 2 )--****- output-control pulse width P becomes narrow 
(PL in drawing 2 ). Therefore, the resistance-welding-time width of face T of the chopper means 
3 is VS-L. For a long time [ receive and ] (TL in drawing 2 ) that is, a chop current is size and 
VS-H. Receiving, a chop current serves as smallness short (TH in drawing 2 ) that is,. 
[0023] If it puts in another way, it turns out that this smoothing circuit operates as a current 
regulator circuit to coincidence. This constant-current system is called a pressure-lowering mold 
among these contractors corresponding to a pressure-up mold as stated above, the above result - 
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a capacitor and — since [ or ] the RIBBURU smooth function the case where a choke coil is 
inserted, and more than equivalent can be obtained with the effectiveness of power factor 
improvement and it is, the pressure-lowering mold, i.e., the constant current mold, of a switch 
method, — case a source-power-supply electrical potential difference is higher — whole 
equipment — it is not necessary to redesign — said reference voltage VR By considering as 
adjustable, it can respond easily. 
[0024] 

[Example] Drawing 3 is the circuit diagram of one example of this invention, the inside of this 
drawing, and Q - a chopper transistor and LC And CC each for chopper frequency inhibition — a 
choke coil and a capacitor, OA-1, OA-2, and OA-3 - an operational amplifier (operational 
amplifier) and CP And RP each for the phase compensation of operational amplifier OA-1 — a 
capacitor and resistance - it is - Met A descent amplitude-measurement machine and Osc It is a 
triangular wave generator. 

[0025] The correspondence relation with drawing 1 which shows the principle block of drawing 
3 and this invention is as follows. Namely, CP accompanying operational amplifier OA-1 and 
this in drawing 3 And RP Corresponding to the dc-component passage means 5 and the 1st 
electrical-potential-difference comparison means 6 in drawing 1 , OA-2 and OA-3 correspond to 
the 2nd electrical-potential-difference comparison means 7 and the chopper control means 9, 
respectively. Moreover, LC And CC It corresponds to a chopper frequency inhibition means. 
Since it is thought that correspondence with the block in the other components, the circuit, and 
drawing 1 in drawing 2 can be guessed easily, explanation is omitted. 
[0026] Now, it sets to drawing 2 and the direct current of the output of a rectification means is 
dozens of kHz by the chopper transistor Q. It is intermittent on a chopper frequency and is the 
choke coil LC for chopper frequency inhibition. And capacitor CC It is added and the direct 
current by which the aforementioned chopper frequency component was prevented and 
graduated here is supplied to a load. A load electrical potential difference and the load current 
are + input and Resistance RS of operational amplifier OA-1, respectively. And descent 
amplitude-measurement machine Met It is detected. 

[0027] + input voltage of operational amplifier OA-1 is the predetermined reference voltage VR 
currently impressed to that - input. Although compared, it is LC before it. And CP It is dozens of 
kHz by the phase compensating circuit to the extent that it depends. A chopper frequency 
component and the commercial frequency component of 50-300Hz band of a ripple are 
prevented, only the dc component changed gently passes, and it is the reference voltage VR of 
the above [ this direct current voltage ]. It is compared. And this direct current voltage is VR. 
When it exceeds, a forward fixed electrical potential difference is outputted from operational 
amplifier OA-1, and is applied to + input of operational amplifier OA-2. 
[0028] the smoothing function of the commercial frequency ripple by this invention - the 
conventional capacitor — and — or a choke coil — replacing — ** — being obtained by the 
aforementioned dc-component passage function and the constant current function called a 
pressure-lowering mold among these contractors of** after-mentioned, although it is as the term 
of [Function] having already described Although it is a pressure-lowering mold, i.e., a constant 
current mold, therefore, also when a source-power-supply electrical potential difference is higher 
than usual domestic 100-domestic usual 200V, it is not necessary to redesign miscellaneous 
equipment, and it is said reference voltage VR. There is effectiveness which can be easily 
adapted by considering as adjustable. 

[0029] Operational amplifier OA-2 are the + input voltage and the descent amplitude- 
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measurement machine Met added to the - input. Output voltage is compared and the electrical 
potential difference of a comparison result is applied to - input of operational amplifier OA-3. In 
+ input input of operational amplifier OA-3, it is the triangular wave generator Osc. The 
triangular waveform of an output is added. 

[0030] if operational amplifier OA-3 are electrical-potential-difference discrimination 
equipment, output-control pulse width is wide when the - input voltage is small, and the - input 
voltage becomes large ~ being alike ~ output-control pulse width becomes narrow. Therefore, if 
the resistance-welding-time width of face of the chopper transistor Q is long when - input 
voltage of operational amplifier OA-3 is small, that is, a chop current is size and - input voltage 
of operational amplifier OA-3 becomes large, it will be short, that is, a chop current will serve as 
smallness. 

[0031] That is, the whole circuit of this example has contributed to the smoothing function as a 
current regulator circuit. Drawing 4 is the circuit diagram showing other examples of this 
invention, the inside of this drawing ~ operational amplifier OA-4, CP, and OA-5 -- each in 
drawing 1 ~ the dc-component passage means 5, the 1st electrical-potential-difference 
comparator circuit 6, and the chopper control means 9 ~ corresponding - transistor Q-l It 
corresponds to the 2nd electrical-potential-difference comparator circuit 7. And reference voltage 
VR-1 Adjustable reference voltage VR-1 It has become. The components and circuit the outside 
of it are the same as drawing 2 . 

[0032] In this example, control serves as a feedback mold, and it is a transistor Q-l . Since the 
ripple component in output collector current is absorbed by that input base electrical potential 
difference, there is descent by which the smoothing function of a ripple is improved a little rather 
than the circuit of drawing 2 . Moreover, since reference voltage serves as adjustable clearly, as 
the example of drawing 3 was explained, it can be easily adapted also to a higher source-power- 
supply electrical potential difference only by raising reference voltage. 
[0033] Drawing 5 shows the wave of the load electrical potential difference V after rectification 
and the rectifier inrush current I which paid their attention only to the component of a phase b at 
the time of using neither a capacitor nor a choke coil, but using the circuit of one example of 
drawing 3 . It is almost the same as drawing 5 also about the component of other phases b and c. 
[0034] It is IO like illustration. It flows in the shape of a pulse over two thirds of the periods of 
an alternating current period, and according to the experiment, a good power-factor called 
effective power abbreviation 20.4W, 0.95 [ i.e., ], is measured to about 21.3 apparent power 
VAs. 
[0035] 

[Effect of the Invention] according to [ as stated above ] this invention ~ a capacitor - and ~ or 
the RIBBURU smooth function the case where a choke coil is inserted, and more than an EQC is 
obtained, and the power-factor-improvement smoothing circuit which may be easily adapted also 
for a high source-power-supply electrical potential difference can be realized only by a power- 
factor is not only improving, but raising reference voltage, since it is, the pressure-lowering 
mold, i.e., the constant current mold, by the switch method. 

[0036] Furthermore, if pulse width of a control pulse is narrowed at a power up, since the "rush 
current" to a smoothing circuit can be prevented, it is not necessary to prepare a rush current 
prevention circuit, therefore rectification and a smoothing circuit can be small and can constitute 
cheaply. 
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[Claim(s)] 

[Claim 1] The chopper frequency inhibition means (1) and load electrical-potential-difference 
detection means (2) which were connected to juxtaposition to the load with which the direct 
current voltage obtained by rectifying AC power supply is supplied, The chopper means (3) and 
load current detection means (4) which were connected to the opposite side [ of a load ], and load 
side to said direct-current load at the serial about said chopper frequency inhibition means (1), A 
dc-component passage means to pass only the ****** component of the output voltage of said 
load electrical-potential-difference detection means (2) (5), The 1st electrical-potential- 
difference comparison means [ predetermined reference voltage (VR) / output voltage / of said 
dc-component passage means (5) ] (6), A 2nd electrical-potential-difference comparison means 
to compare the output voltage of said 1st electrical-potential-difference comparison means (6) 
with the output voltage of said load current detection means (4) (7), The power- factor- 
improvement smoothing circuit characterized by consisting of chopper control means (9) which 
compare a triangular wave generating means (8) with the output voltage of said 2nd electrical- 
potential-difference comparison means (7) and the output voltage of said triangular wave 
generating means (8), and control resistance- welding-time width of face of said chopper means 
(3). 
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